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GSFC Automated FPGA TID Test System 



Test Control PC 











Traditional FPGA Pattern for TID 
Experiments at GSFC 



controlled by the output of a single (“Master ) Flip-Flop. 
Additional combinational and sequential logic not involved in 

in situ test is not shown 



Previously Used FPGA TID Experiment 

Technique 
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Modification of FPGA TID Experiment 
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Traditional I cc TID chart - only nominal state 

measurements are recorded 
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Inverted and Nominal State Bias Currents for 
Various Families of Antifuse-based FPGAs 


* 





No significant variation in inverted and nominal state TID- 
induced I cc leakage for a device from A1280A family 




Inverted find Nominal State Bias Currents for 
Various Families of Antif use-based FPGA s 





Significantly (approximately order of magnitude) higher TID- 
induced I CCA leakage current for two devices from 54SX32S family 
in inverted state as compared to nominal state of a device 
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New PT IT TTD Test Pattern 



BUF2 - string of 500 inverting buffers 
BUF3 - string of 500 non-inverting buffers 
BUF4 - string of 500 non-inverting buffers 






New TID In Situ Test Sequence 
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of biases 


as a Function of TID and State of DUT for 

“4-Strings” Pattern 



A “4-Strings” DUT from 54SX32S family: radiation-induced I CCA leakage 
increases with the number of internal nodes placed in inverted state 




o 

c 

e 

o 

<D 

• fH 

o 

1b 

& 

§ 

Ph 

pH 

CN 

CN 

i/d 

cd 

bxa 

c/) 

c 

cd 

• i—H 

Oh 

H 

■ 4 — » 

GO 

!3 

i 

tJ- 

Q 

v-» 


T3 o 
£ « 
.2 H 

fcj 

M 

§ 

4h 

O 


U 

U 


O 

<D 
h— > 
c3 

4-> 

GO 


x a 


^t- 

«ra 


oa y 

CD P 

o a 


CO 

cd 

<D 

g 


o 

<D 


c3 «a 


> 

<D 

T 3 

^b 

<D 
+-> 1 

c/a 

<D 


V-i 

<2 


c/a 

a 

o 

_ o 
c 

P c/a 

H a 

B £ 

o 

<D c/a 

bfl <d 
S 3 4 b 

K/, • 1 — I 

is g 

3 J 

<+-h 

U 


c/a 

cc3 


<D 


rb P 

2 rO 
O 4^ 

e .9 

g 5- 

|5 g> 

2 M 

o 3 a 

(U 4-i 2 

+Z O 4b 

c/a 4-> ^ 

O a co 

Oh P P 

a t ^ 
° 3 2 
“ ° ® 
P o 
+" 60 ° 

- s s 
is 

p g 

_ <D 3 

4 -> #-H 5— 1 

^ *3 <d 

5b rS 


O 'S 'O 
+■> « <d 
>>. P o 

^ £ o 

CD 3 -d 

B p O 

H *-i 

<D Oh 
bfl r - 
03 

k> CD 

t 3 i§ "> 

s 3 

cc3 


<D 

> 

C 


bfl 

O 

• f— l 

H 


43 

o 

^ (D o 

P c/a ' t_ ‘ 

Cj_. cd 

O Si s 

c/a P O 

c3 O O 

• t-H 

X> 


4b c3 

CO g 

go .2 

• P ;p2 
H ^ 
to ^ 

03 

3 P 

■S ^ 
'5 -S 

p T 3 

3 £ 

c/a 3 
D c/a 

4b P 
bb S— i 

5b 


c/a 

o3 

<D 

S-h 

O 

O 


o 

<D 

fcl 

3 

o 

an 

O 

g 

5a 

CD 

4 b 


c/a 

• i-H 

c/a 

a> 

Tb 

o 

a 

<d 

o 

• i-H 
> 
<d 


<d 

4b 


c/a 


bfl 

5b 

* »H 

Oh 

Oh 


u 

M 

GO 

1 

cj 

H— » 

r A 

CD 

-t— > 
CO 

X 

rv 

+H 

<D 

c/) 

rv 

bX) 




C 

o 

l/b 

H 

• 

bX) 



g 

g 

CD 

bb 

Ch 

O 

c 

o 3 

^3 

r \ 

H 

ccj 

V* 

Vj 

u 

• 



• 


C 

a 

’Tb 

CD 

c/a 

§ 

o 


t: 

o 

Oh 

o 

S-H 

Oh 


CD 

O 

• t-H 
> 
CD 
bb 


c/a 

0 > 

4 -* 

cd 

4 -> 

c/a 


O 

o 

o 

a g 

+-» H 
c/a cd 


(D 


c 3 

<D • i-H 

’S | 

bfl 2 

a c 
*0 *1 
& *53 
S ’S 


§ bJ) 

§•.9 

p 4n 
’aS cd 
!■« 


> 

• l-H 

o 


x 

o 

Oh ■- 
Oh >> 
a 4 b 


o 

» 

g 

o 

a 


CD 


CD 

3 

> 


3 

3 

<D 

4 b 

H 


H— > 

o 

a-i 

cb 


bfl 

CD 

bfl 

cd 

fc 

O 


0 

o 

CD 

ccj 

3 

CO 

■5 

G-h 

Cj 

<D 

o 

• i-H 

x> 

4b 

4 -> 

o 

c 

Tb 

eg 

• 

4 h 

CO 

CD 

IS 

(D 

C 

o 

<D 

> 

o 

• f-H 

i-J 

o 

• hH 
H— * 

c 3 

• H 

• f-H 

CO 

o 

<D 

03 


T3 

> 

cb 

• ^H 

bD 

C 3 

• t-H 

CD 

CD 

H-H » 
CO 

o 

r-i 

• 

4 -H 

o 

• *— H 
> 

£ 

<D 

<D 


HH 

4 h 

03 

Tb 

c 3 

c/a 

(D 

Vh 

4 h 

o 

O 

3 

O 

> 

O 

CD 

'Tb 

Tb 

o 

Vh 

4 h 

o 

o 

Oh 

4 — > 

cd 

<D 

H— » 

s 

bfl 

cc 3 

+H 

o 

a 

c/a 

^b 

• H 

o 

/ S 

• H 

O 

03 


bfl 

• 

' "PH 

O 

CO 

o 3 

• Cs 

CD 

bfl 

cb 

S-H 

O 

> 

O 

c 3 

3 

^3 

bfl 

• i— i 

a 

4b 


* 


<D 

c/a 

o 3 

<D 

S-H 

o 

O 


c 

(D 

i 

o 




It 


is a function of TID and State of 
DT IT for “4-Strings” Pattern 



A “4-Strings” DUT from A14100A family: radiation-induced I CCA leakage 
does not depend on the state of internal nodes of the DUT 



Modification of 4-Strings Pattern for A 1280 A 

Family of Devices 



BUF1, BUF2, BUF3, BUF4 - strings of 400 non-inverting buffers 
BUF1 and BUF2- implemented by manually placing macros in C-modules 
BUF3 and BUF4 - utilize front-ends of S-modules with flip-flops bypassed 







as a Function of TID and State of DUT for 
Modified “4-Strings” A1280A Pattern 
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as a Function of TID and State of DUT for 
Modified “ 4 -Strings” A 1280 A Pattern 
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produced by each string separately. 


TID-induced Variations of Propagation Delay 

for 54SX32S Devices 
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DUTs utilize traditional TID programming pattern 


TID-induced Variations of Propagation Delay 

for 54SX32S Devices 










